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THE MANAGEMENT OF ENGINEERING WORK-
SHOPS.

By EUSTACE THOMAS, B.SC.

(Paper received from the MANCHESTER LOCAL SECTION, March 25, and read at
Manchester, April 14, 1908.)

The subject of this paper was chosen as affording a valuable
incentive to the study of modern methods in practice, and not merely
as proposed on paper.

By the courtesy of a number of gentlemen—to whom the author's
grateful acknowledgments are due—visits were paid to works engaged
in widely different manufactures, and the details of organisation and
of the " paper " used were gone into at great length. The results of
the author's impressions are presented after much thought with the
desire that they may provoke useful discussion and interchange of
ideas, on a subject which is yet far from its full development.

Variety of Systems of "Paper."—The amount of "paper" necessary
for handing on instructions and keeping records and costs varies
greatly, being very large in some works and quite small in others.
There seems to be no generally adopted system and the same result
is often achieved in quite different ways. It is impossible in a paper
of this character to compare these systems in detail, and it is proposed
rather to deal with the general principles and common objects of
such systems.

General Shops and Specialised Shops.—Most of the shops visited, which
had an efficient modern organisation, were specialised shops where the
work was almost wholly standard, and non-standard work was dis-
couraged. Such shops often reach a wonderful degree of efficiency
and simplicity. The organisation of a general shop, where changes
are frequent and much material is built to special order, is immensely
more difficult; and efficiency is frequently much less. While this
fact is usually recognised, such general shops exist in large numbers.
As people really come to realise the difference at its full value, such
general shops must diminish in number. And if it is possible to run such
a shop efficiently it should be easily possible to run a specialised one;
hence, much of what follows will be stated with the general shop in mind.

In one of the works visited, there were two quite separate establish-
ments, in one of which meters were manufactured, and in the other
switchgear. The one was specialised, the other general. The sim •
plicity of the one when compared with the other brought the matter
home to the author's mind in the most convincing manner.
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To give these impressions some pretence of an orderly arrangement,
the author has grouped them under the following heads:—

I.—Separation of head work and manual work and develop-
ment of routine.

II.—Handling and distribution of material. Waste.
III.—Labour efficiency. Day, Piece, and Premium systems.
IV.—Cutting and non-cutting time.

V.—Execution of work to time.

I.—SEPARATION OF HEAD WORK AND MANUAL WORK.

The general principle is that the manual worker should not have
any avoidable head work to do.
• It is generally agreed that the workman in every case should have a

drawing, or even a sketch, to work to, fully dimensioned ; that is, that
the workman should have only manual work, and all head work should
be done by the draughtsman or designer.

List of Material.—On the same principle a complete list of material
should be prepared in the office, containing every single detail
that may be required. The application of the rule is frequently
carried out imperfectly. In one works every part of the gear was
detailed in a printed specification with catalogue numbers, except
the bolts, nuts, split pins, and other small store parts used in erection.
Incidentally—erection was Day, and manufacture Premium work.

In hundreds .of works the material is still requisitioned from the
drawing by the foreman or the workman without a list. In every
case where the list is not prepared beforehand or is incomplete, the
workman becomes a head worker, and he is usually a very inefficient
and expensive one. Moreover, a,list must be got out by some one, and
if this is done in the works it will have to be thought out and written
out every single time that the job repeats itself. The certain result is
preventable expense and loss of time. The list should be prepared
in the office even if only one article is to be made, but in such
form that it may be readily available for any future work.

List of Operations.—A still further application which is only seldom
made, and only in the most advanced shops, is that there should be
provided also a list of operations in every case where a new workman
might possibly be in doubt. .This applies particularly in some classes
of switch work. Otherwise the foreman must give these instructions
every time the work is given out, which implies preventable waste of
time. He may forget or the man may do so, and that means imperfect
work or waste of work and material.

If the job is given to a new man, the advantage is particularly
great; but even if the same man gets the job his memory is not to be
trusted. This is particularly the case where less skilled, or boys' labour
is used. . .

List of Tools, Jigs, etc.—There are the same arguments for this list
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as for the last. It saves head work, defects of memory, and conse-
quently great waste of time, and makes it easy for the foreman to have
the tools collected in advance by the labourer who collects material,
and deposited ready on the man's bench or machine before he requires
them.

Duties of Foremen.—The same principle deserves the most careful
consideration in denning the duties of foremen. These may come
under two heads :—

A. Clerical or_ Administrative.—Such as giving out work, seeing
that there is no delaycaused by waiting for material; watch-
ing the efficiency of the workmen, planning to get work
executed to time, etc., etc.

B. Technical.—Methods, tools, and jigs, for executing work, for
overcoming difficulties, for reducing cost of production, etc.

Probably in most existing shops, these two functions are combined,
a foreman's clerk being often provided to assist function (A), and tool
fitters to assist (B).

In some highly organised modern shops visited, the foreman was
chiefly occupied with function (B), but the conditions were usually
rather special.

The most modern tendency seems to be to give the foreman function
(A) to carry out. In regard to (B) he must be technical enough to
know if matters are not going rightly, and in such case set an expert
tool fitter to study them out and do what is required.

This seems to the author essentially the right system, especially when
Day work is going on. The shop will not work efficiently unless each
man feels that the foreman is always about and vigilant, and this is
impossible if he attempts to study out technical points. Equally he
cannot possibly worry out technical matters efficiently if he is subject
to constant interruption through his duties under function (A), and it
is better to put on a man who can give the work undivided attention.

Human Element.—It is of essential importance to recognise that all
-employes are only human, and therefore liable to slack, liable to forget,
and liable to neglect or to alter certain of their duties, unless these are
•defined and a check frequently taken.

In one works the responsible organiser stated that he had to be
constantly on the look-out to see that routine duties were not neglected,
and to nip in the bud numerous " improvements " on the system by
individuals, which would render it unreliable. In another case one of
these "improvements" was discovered while the author was walking
round to examine the working of the details of the system.

Routine and Red Tape.—The best way to minimise these difficulties
is to have a sufficient amount of red tape or routine, and to have the
•routine for each man written out. A sufficient amount of red tape is
really essential, and also cheap, for it assumes that the work follows a
well-worn and accustomed track. And, on the other hand, it is to be
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remembered that discretion allows indiscretion, and the latter is costly
out of all proportion.

Routine Books.—A routine is useless unless kept up by constant
supervision. It is here that systems most frequently work badly.

The best way of preventing this that the author knows of is to have
a routine book for each man who has routine duties. This to have
columns ruled off for days or weeks. Each day or each week a tick or
a date is put in the appropriate column to signify that that duty has
been attended to, or to show the date to which that duty has been
brought up. _

All these routine books go to the" manager at a stated hour each
week, and he can glance through a large number in a very short time.

Weekly Inspection.—In the same way each week at a fixed hour the
manager should walk round the works, and all books used should be
laid out in readiness. A glance at the latest pages will show if these
are being entered, posted, etc., as intended, or if an " improvement"
is being made. The packing case records, as an example, often repay
this trouble. At the same time any difficulties can be brought up for
solution.

In this way the manager has his own routine, and should observe it
as rigidly as he requires his subordinates to observe theirs.

Summaries and Abstracts.—In some of the works visited, all sorts of
summaries and abstracts were prepared, which, if periodically inspected
and acted on, would probably be more than worth their cost. In some
cases, however, they certainly were not regularly examined. In such
cases they are worse than useless, for they cost money needlessly, and
they convict the management of slackness which will certainly be
reflected through the works.

If used, it is worth while to have quite a number of these summaries,
as long as their collection is made a mere mechanical matter not requir-
ing skill or any but cheap labour.

The general principle is always to diminish head work, eliminate
memory, and leave no excuse for forgetfulness or omissions, but all the
time to make it easy to detect defects just as soon as they arise.

Application to Clerks' Work.—In one works the human element is
recognised in a curious manner. In the costing work, forms have
been prepared so as to eliminate writing as far as possible, and against
each space are set full instructions for filling in. Moreover, additions
and subtractions are done by a simple slide rule invented by the
manager. This makes these operations merely mechanical, and the
feeling of tiredness that is liable to set in near the end of the morning
or afternoon is not expected to have so detrimental an effect as
usual.

Inspection of Costs.—It is of little use recording comparative costs if
they are not looked at. Where kept on cards, it is easy to place all
cards on which entries have been made in a separate drawer each day.
The manager can then inspect these quickly each day before they are
put into their respective places.



1908.] ENGINEERING WORKSHOPS. 745

II.—HANDLING AND DISTRIBUTION OF MATERIAL.

Lists of Material.—Material must be booked, and this means that
some one must write out a list of it. It is far the best way to do this in
the office, even if only one article is required, and to preserve in this
way a uniform routine system.

But the same list if prepared with thought for standard work, can
serve several important purposes, plenty of copies being prepared and
distributed. •
«

A. The storekeeper marks it for material in stock or to order.
B. The stores issue goods from it to the foreman's auxiliary stores

without further requisition.
C. The foreman can check by it all material at any stage.
D. The drawings having been cut up into as many parts as there

are pieces or groups of pieces to be made, a copy of the list
is also cut up and pieces attached to the divided-up draw-
ings for the workmen's use.

E. On a further copy, against each item is marked the time by
which.it must be completed, in order that the whole of the
work may go through to the date desired.

Each shop foreman must have his own copy marked.
F. A copy goes to the cost department. The work can be priced

against this list in advance if required, and actual issues and
returns can be checked against it.

If any one of these functions is omitted, delay, waste, or other
trouble will follow, and the importance of the list is sufficiently obvious.

Arrangement of Lists.—Where work is executed in different shops, it
is of assistance to subdivide the list accordingly.

Any assembled parts which may be used for other work are best
given separate lists, as they may be manufactured for stock.

It is convenient to submit the pencil list to the foreman and to
arrange in the order of importance of execution. It is quite easy to
do this, and it saves time and thought to the foreman ever after-
wards.

If several parts are given out together (as is regularly done in switch
work) these can be grouped together, if this is attended to on the pencil
list at first.

Catalogue Numbers.—It is well worth while to devise a system of
catalogue numbers to cover all single pieces. A numerical system is
very simple. An examination of a large number of drawings will enable
all pieces to be divided up into a sufficient number of classes. Thus
capstan rod work might be classed as 27, and it could be subdivided
into sub-classes 27-1, 27-2, 27-3, and so forth. These class numbers
are the numerators, and serial numbers are used as denominators.

A separate card is made out for each piece, and reference is entered
to every drawing or, job on which used.
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The uses are numerous :—

A. This catalogue number appears on each drawing and on each
list of material against each piece.

B. It facilitates comparison of costs.
C. It facilitates estimation by the ease of reference to all other

pieces at all like it.
D. It facilitates standardisation' by making it easy for any

draughtsman to see what has been done before, and to use
something already made if possible.

E. Patterns are marked with this number and stored in trays or
spaces marked with the class number. This often saves new
patterns by making reference easy to all existing ones.

F. The stores are arranged as far as possible to follow this
classification.

The system is not nearly so difficult to put into operation as might
at first be thought, and has obvious advantages.

Auxiliary Stores.—The percentage of time lost through waiting for
material is always greater than appears casually. The orderly progress
of the work through the shop may also be disturbed and the whole
time programme disarranged.

It is probably well worth while to let the foreman have an auxiliary
stores under his own control, with plenty of easily accessible shelves.
All material for an order is delivered here and sorted out in a-space
prepared for it. With each lot is placed the drawing and even the job
ticket. Any partially completed work is returned to the same spot to
await assembly. Special tools and jigs can also be collected with the
material and all given out together. With this system the foreman
can see at a glance how the work stands, whether he is short of
material, etc.

It is advisable to have plenty of tins of suitable sizes to contain
small screws, parts, etc., so that these may be easily handled and not
be mixed.

Shop Drawings.—These consist of pieces of cardboard carrying that
part of the drawing required for any one piece or group of pieces given
out to one man only at a time. On the same card is the list of material,
cut off the general list, the list of operations, and the list of tools,
gauges, jigs, etc. The separate cards are numbered serially and usually
kept together. Those required for a job are distributed in the auxiliary
stores in the space allotted. There should be some material to each
card, if all material has been collected.

The above refers, of course, to such of the work as is small enough.
Losses, Scraps, etc.—If a rigid rule is made that small material shall

always be returned to the stores when any part of the work is com-
pleted or is stopped from any cause, there will be fewer losses, and the
man concerned may be made responsible. Incidentally it will check
the giving out of too large jobs and the changing from one job to
another before the first is complete.
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The work should be checked at each stage for accuracy, and
number of pieces ; and any scraps, should be dealt with and recorded,
and orders for replace parts at once attended to. All scraps and defects
in workmanship should be entered on the job ticket and in a report
book which goes before the management.

In one works a weekly return is made of—

A. Materials scrapped through fault in the material.
B. Labour wasted through fault in the material.
C. Labour wasted through faulty workmanship.
D. Material wasted through faulty workmanship.
E. Cost of putting any jobs right if that is possible.

A slip cut off a duplicate of this return is pasted on to the cost card,
and defects of workmanship are entered each week against the man on
a special card giving his record for the half-year.

This system has been working for some years, and it is considered
that the saving which has resulted much more than pays the cost of the
clerical work.

Inspection at' each Stage.—-There is no doubt that this pays for itself
even in such work as switch work. It is a sort of police system, and if
relaxed trouble is liable to creep in at once. It is not very usual or
systematic in many general shops, and particularly with such work as
switch work.

Too Large Stock Orders.—Where both special or general work and
stock work are going on. together, it is easy to break off a stock job.
This is always disadvantageous, and to avoid it—

A. Stock jobs should not be too large.
B. Work should be done on as few stock jobs as possible at one

time, concentrating on these as many men as are available.

In this way no stock job need last long, and the liability to break
off or to finish a part only of the order is consequently diminished.

This matter needs emphasising. Nearly all foremen have a natural
inclination to get a large number of orders in hand at once, all pro-
gressing slowly and perhaps frequently hung up. If this is stopped
there will certainly be less total labour used, and the orders will all be
completed in less time.

III.—LABOUR EFFICIENCY.

Day Work versus Piece or Premium Work.—li a number of shops
are visited in succession, some working on Day work and some on Piece
or Premium systems, the difference impresses itself most strongly.
With Piece or Premium work there is not only a brisker air about, but
also the author seemed always to notice a more cheerful atmosphere.
Probably the. reason is that with either the Piece or Premium system
the man feels that he. is working for his own benefit.
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The following are some disadvantages of Day work, especially
in general shops :—

The men slack off as soon as the foreman's vigilance relaxes
at all.

Some men regard it as a matter of principle to make jobs last
as long as possible with a view to increasing employment.

The men are quite content to wait for material.
The handling of material by the foreman is always less efficient.
Costing is uncertain and unsatisfactory.

Some advantages of Premium or Piece work are :—

Each man has an interest in the work.
The men press the foreman to give efficient delivery of material,

and the foreman is thus placed between two fires.
Each job must have careful consideration before being committed

to a price or time which may be hard to change.
Each job makes the estimation of new work easier.
The foreman has more time to plan his jobs and is better able to

estimate for and keep correct promises of completion.
If the assemblers are on Piece or Premium work, they draw

attention themselves to any inaccurate manufacture of parts
coming to them.

Day Work to have Time and Price Estimated.—In cases where Day
work seems necessary, it should be insisted on that a price and time are
estimated for each job, even although these are not made known to the
men. The actual price and time must be compared later with this
estimate.

The effect is to force attention to all Day-work jobs, and in some
measure to bring about the other advantages enumerated under
Premium and Piece work.

But farther than this, it must eventually make the foreman desire to
get Piece or Premium work in where he has been accustomed to give
out Day work, for if a price has to be given in any case, it is easier
for him if it is given to the man outright, and the man is working
with him to keep the time down.

The simplicity, comfort, and general advantage of Piece or Premium
work cannot be sufficiently proclaimed. So much so, that where
appreciated every manager of a general shop will find means to
introduce it to a much greater extent than is at present common.

Premium Work.—It was well known th'at with Piece work a man
seldom attempts to earn more than about time and a quarter, for fear
of getting the rate cut. This caused an uneasy feeling in the employers
that they were not getting the best efficiency, and it was hoped by the
introduction of the Premium system that this difficulty would be
got over, a promise being made that the time allowed should not
be altered unless a new method were adopted. In fact, the masters
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hoped that they might be able to relax some of their vigilance, and
that the men would of their own accord do their best in their joint
interests. Such a golden vision was not likely to be realised. The
men know quite well that if they make too much Premium a new
method will always be found.

The author has been amused to find that the managers of some
of the works visited have declared that the rate was never cut. Their
responsible assistants, however, have usually acknowledged, on being
pressed, that practically the same result was obtained by this plan of
" finding a new method."

The practical result is that the Premium system, after all, requires
just as much vigilance as the Piece-work system. It has the disadvan-
tage of requiring rather more book-keeping, and of rather more
difficulty in adjusting the price when a mistake has been made. If
there had never been any cutting the older firms would have been
placed at considerable disadvantage as compared with newer firms,
and would find that they had been pioneering for such newer firms,
who are enabled to take advantage of the improvements effected and
set shorter times to start with. In actual practice, however, it is
probable that the greater proportion of the rates fixed, especially in
large machine work, are pretty correct, and there is not perhaps so
much scope for any undue bonus to be earned.

Expert Check on Times Set.—Where it is considered that the best
results are not being obtained, the author is convinced that the only
way to improve matters is to have enough expert men who are paid
well, and can be relied upon to work in the employer's interest.
Such men, for example, may act as rate fixers. One or more of them
can work on such of the jobs as seem to require checking, and they
will advise on any changes that seem likely to be profitable. In
particular they will seek economy in "non-cutting" times. It seems
very desirable that the rate fixers should keep their hands in in this
way, otherwise some stagnation is probable. Also if some system of
remuneration for improvements they effect can be introduced, it will
probably yield a very profitable return.

IV.—CUTTING AND NON-CUTTING TIME.

On small work especially the proportion of non-cutting time is
sometimes very great. In a certain rather tricky job a very experienced
rate fixer set the following time : Cutting 16 minutes, changing tools
10 minutes, gauging 20 minutes, setting up and fixing 30 minutes. This,
of course, was not quite an average job, but in particular the item
for gauging is to be noticed.

Gauging.—There happened to be a number of surfaces to machine,
and each to exact dimensions. " Gauging" included the actual
measuring, and the successive short cuts, necessary to get down to
the exact depth for the final cut.

A little thought will show how antiquated and wasteful are the
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ordinary methods of doing this. A cheap gauge or micrometer is
badly required, which will tell in a second or two to ordinary men just
how far they are off the final dimension; and then means are required
to set the tool forward just that amount. Micrometer heads on lathe
screws are useless without the micrometer or gauge for showing how
much remains to be taken off.

The introduction of some cheap device of this sort will easily
effect an appreciable percentage economy..

Changing Belts.—With belt-driven machines and cone pulleys, the
speeds usually change in not less ratio than 175 to 1 or even 2 to 1. In
the latter case we shall on the average be working at just three-quarters
of the correct^ speed, and the cutting time is increased one-third.

This is a very serious loss, and argues strongly the advantage of a
gradual speed change device ; also of some cheap speed indicator to
be applied to the work and show instantaneously the rate of cutting.

But in an even simpler way losses constantly occur. It is usually
not quite easy to change from one speed to another, and the tired man
in particular will not take the trouble to speed up and down as often
as perhaps he should.

One large firm doing very accurate work provides a handle, which
automatically shifts the belt by pressure to right or left. There is no
doubt the cost of this has been repaid many times.

Quick-change Drill Chucks.—A quantity of work comes under the
radial or single spindle drill, and requires fairly frequent change of
drills. Quick-change drill chucks, which enable the drill to be changed
instantaneously without stopping the spindle, may easily save anything
from 10 to 50 per cent.

Setting Work in Jigs.—In small and thin work the cutting time is
often very little, and the setting and handling of the jig may be a large
percentage of the whole. In one shop where the work was all repeti-
tion, and large numbers of very expensive jigs were used, the foreman
estimated at a rough guess 25 to 75 per cent, of non-cutting time,
a multiple spindle drill being used, and very good jigs.

Picking-up Tools.— In one very accurate and tricky job, requiring
a number of operations to be performed from the same setting, and
requiring a number of tools in successive use, the author was impressed
with the small cutting time, and also with the loss in finding and pick-
ing up the exact tool required. A large block, having exactly as many
holes as tools and gauges, and with these arranged in suitable groups,
will save its cost many times over.

A careful study of this particular job enabled the time required for
it to be halved, with considerably greater satisfaction in the character
of the work turned out, and all by attention to these small details.

The above details will sufficiently emphasise the point that there is
a large field open at present for improvement to reduce the non-cutting
time as well as the cutting, and that employers may often profitably
take obvious opportunities of economising which lie ready to their
hands, instead of looking abroad for new tools. • •



1908.] ENGINEERING WORKSHOPS. 751

Visiting Consultants.—In America, and in a few cases in this country,
visiting consultants are called in to examine the works, its lay out, its
organisation, and to suggest improvements.

Such men must have an experience which no one attached to a
single works can possibly attain to, and should be able to exercise
it without breach of confidence.

In any single concern there must be some tendency to stagnation,
and there seems as. good reason for the visiting consultant as for the
visiting auditor, whose services are now regarded as essential, and
taken as a matter of course.

V.—EXECUTION OF WORK TO TIME.

In a general shop having many small jobs in hand at once it
requires a very clever foreman to give times of completion of all
work in hand which he can adhere to, and yet not have too much
labour employed.

The author has devised a special indicator for the purpose, which
gives the foreman a bird's-eye view of the work in hand, and of the'
capacity for work. It requires that time shall be estimated on all work
in detail, whether on the Day, Piece, or Premium systems.

l One or more suitable boards are laid out with horizontal grooves
to-represent- the different men in classes according to employment,
wages, etc.; some spare grooves are also allowed to each class. Ver-
tical lines are drawn to scale to represent hours, days, and weeks.
Fairly narrow strips of card are cut off for each job, of length equal to
the number of hours estimated, and marked with the job number and
date by which completion is required.

These are then set up in the grooves, always to the left of the date
marked on them. If there is more work in hand than capacity in men
some cards must go into the spare grooves. The card to the left in
each groove is always the job in progress at the time with that man,
those to the right being arranged in the order of present urgency.
They can be reshuffled later.as altered circumstances may seem to
require. Thus the foreman or manager can see at a glance what work
is likely to be late, what is the present capacity for new- work, stock
work, etc., what jobs are hanging, and where it is desirable to take on
or discharge men.

The material labourer can also see what materials, tools, etc., are
likely to be required soon, and get them ready. The cost of keeping
up is small, and amply repaid by the advantages.

In conclusion, the author would recapitulate a few of the points
which stand out most strongly before him :—

A. Make it unnecessary for the workman to think or remember
what can be committed to writing, and he might forget.

B. Some red tape is necessary and cheap. Remember that
discretion may also mean indiscretion.

C. Use routine books arranged fo easy weekly inspection.
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D. Give every piece made a carefully chosen catalogue number,
and use this everywhere.

E. Provide an auxiliary stores for each foreman where there is
much small work.

F. Make use of the list of material in the numerous ways sug-
gested.

G. Drawings should be divided up, and each detail given a list of
operations and tools.

H. Get as many men as economically possible on to each order
in progress, and so have as few in hand at any one time as
possible, and finish each quickly.

I. Check standard jobs by expert labour, and reward impove-
ments made.

J. Insist on an estimate of the time required for each Day work
job.

K. For the sake of comfort as well as for economy displace Day
work as much as possible.

L. Keep the attention directed to the "non-cutting" losses,
especially with small work.

M. Keep the whole of the work under general view by means of
a suitable foreman's indicator.

It should be pointed out again that this paper is merely a record of
some impressions received, and does not pretend to be a system of
works organisation ; also that the author's interest being chiefly among
small work, much of what has been said must be taken particularly to
refer to this.

DISCUSSION.

Mr. Mr. J. GUNTHER : There are certain points to which I might draw
attention. Much naturally depends upon the class of work being done
as to the type of organisation. In small work it is possible to specialise
considerably more than in large work and to devise special arrange-
ments. The author states that general shops exist in large numbers,
and that these are as a rule less efficient than specialised shops. Well,
I do not1 quite agree with ithat. I think a general shop, which is not
taking every class of work, can be run quite as efficiently in its way as
shops which are highly specialised, such as those dealing with small
electrical appliances. Their method of handling a large piece is so
well organised, and so well known, that the efficiency comes out really
very fine indeed. As to each workman having a drawing or sketch,
that goes without saying. In all well-organised places, the drawings
have to be of the most complete character and fully dimensioned ; and
wherever possible, if it is a job likely to be repeated, the drawings
should carry all leading particulars; and if there is a piece somewhat
intricate, which requires a great deal of consideration as to how to deal
with it properly, those operations, when once defined, should be written
on the drawing, so that they can be repeated at any time. As regards


